INTRODUCTION
The purpose of this report is to document the depth of information available on obscuration due to dust as it pertains to a tank firing environment. As the general complexity of military operations increases, the effect of environmental factors increases in proportion. The fact that dust is often raised and obscures the sight of military personnel in an operation is well documented. However, with the advent of laser equipment into the battlefield a serious question is raised on equipment effectiveness under dusty conditions. Dust is raised on the battlefield by exploding shells close to the ground, vehicular as well as foot traffic, and gun blast.
In this report the dust raised by gun blast is the source investigated for the specific case of a laser beam directed through the gun blast environment.
A survey was conducted on all DOD holdings on obscuration due to dust, using the key words, Mie calculation obscuration, gun blast, blast suppressors, muzzle brakes, absorption spectra of clay, and laser scattering due to dust. The results of that survey are given with the major reports discussed in detail. This survey does not cover the work done on blast and flash suppressors but is restricted only to obscuration due to dust and dust suppressors.
A summary of the depth of material on gun blast was made and a partial reference list is given in Appendix A. The list is provided as an aid and the articles have not been abstracted. The articles listed are some of the major articles chosen to cover the subject as completely as possible.
The overall depth of DOD knowledge in the obscuration due to dust is determined and the additional information required for assessment of effectiveness of modern weapon systems is detailed.
The studies on obscuration due to gun blast cover the areas of description of the dust cloud mechanism, development of a scaling law for obscuration due to gun blast, particle size measurements using Mie theory, and mechanical muzzle device development to reduce the obscuration effect of gun blast.
The requirements for further investigations on obscuration are given with the emphasis on experimental setup, environmental factors and related studies that would complete the data base in order to fully determine the effect of obscuration due to dust.
II. HISTORICAL SURVEY
The earliest comprehensive survey^*' on obscuration due to dust was conducted in 1941-1945. This survey was conducted by General Electric Company, Princeton University, and the California Institute of Technology. The GE report describes an experimental effort using a sand table, air blast apparatus, and photographic equipment. The blast mechanism and the various stages involved as the blast raises dust were defined by use of photographs of the dust table blasts.
The generation of dust was broken down into five components. The relative importance of the five components was not given. These five components are described: a. From the time of ignition a pressure wave propagates spherically outward from an origin located in the breech. The geometry of this wave is subject to the geometry of the barrel and surroundings and also the effect of the emergent gases beginning to be emitted from the barrel, making its actual shape not perfectly spherical. As the pressure wave propagates spherically outward and passes a given point on the ground, pressure will first be felt downward as the front part of the wave passes and upward as the trailing part of the wave passes. This phenomenon can be shown by application of Huggen's principle. The vertical component of the force on the ground along with frictional force of the air bubble expansion causes dust to be raised as the bubble or sphere collapses.
b. After the initial dust is raised the continuing gas flow from the muzzle carries the center of the initial cloud downstream. The remaining dust is in the shape of two vertical columns, one on each side of the muzzle. c. As the emergent shell and gas move forward, a ring vortex is formed and proceeds downstream. The vortex ring grows as it proceeds and intersects the ground at the approximate time that shell pierces the emerging "spherical" pressure wave. The impact of this vortex ring and the resulting frictional force of the air on the ground raises additional dust.
d. When the barrel is close to the ground or tilted downward, the emergent stream of gas will partially deflect off of the ground causing dust to be raised downstream of the vortex. The vortex will then carry this dust to larger heights. e. When the vortex has grown to the point where approximately a third of it has reflected or impacted on the ground, it will subdivide by the process of vortex shedding into vertical straight vortices or tornado like air movements. These vortices are on each side of the gas stream and move in a circular path (radius approximately the distance at which vortex hits the ground) away from the stream. The amount of dust raised by these vortices is small but they serve as a mechanism for spreading the dust cloud. f. Finally, dust raised by friction can be carried further by winds so that the height of the cloud increases significantly down wind. The amount of dust raised by the wind is dependent on the wind speed and direction.
The sand table tests assume an environment in which the gun is fired over perfectly dry soil so that a maximum amount of dust can be created. Further, the table and sand particle sizes were scaled relative to the actual size of a 75mm gun.
A further work by J. J. Slade^2^ documents the gun blast mechanism and the raising of dust by gun blast by relating it to 75mm test firings.
In this report a scaling law is given for determining the amount of "dustiness" created by gun blast.
D= h2 k (1)
In the above formula, D is the amount of dust, W is the weight of the propellant charge, h is the height of the muzzle from the ground, and k is equal to one with units as to make D dimensionless. If gun firings with the same propellant are compared, the weight of the propellant can be replaced with the caliber of the round. A 1949 surveyO) further documents work done in this area and combines the results of the previous works(l>2) and others. Although the 75mm test firings are comparedO) with firings of the British 6 pr on the Centaur, this represents only one data point in confirming the scaling law. However, the scaling law can be used to determine the approximate size of the dust cloud for firings of a 105mm gun on the M60 tank (see Table 1 ).
The scaling law was determined be measuring photographs of the 75mm firings. Concentrations of ammonia gas from the muzzle emission producing extinction in the 10.6/umi spectral region are identified. The obscuration arising from gun muzzle emission and clay are distinguished and the evolution of each aerosol is followed in terms of particle size and number density. The results indicate particle size 1.4 to l.O^m in diameter for the first two seconds.
Particle diameter at three seconds is probably near 5pm. The rising dust cloud causes an increasing number density at the muzzle level during the period from three to six seconds. This report indicates a factor of three dependent on geographical location for obscuration due to dust.
A sample clay (Aberdeen clay) was measured^) and the relative weights of the components are given in Table 2 In Tschebotarioff's book( 7 / it is shown that as soil is put through smaller and smaller sieves, the proportion of clay becomes higher while the proportion of sand and organic products becomes lower. At l^Am the proportions of silicate clay is greater than 80%. Since the sample soil measured at Aberdeen^6) was 35% montrillonite, 20% kaolinite, and 20% illite (principally clay materials), the action of raising dust by gun blast is as a sieve, separating out particles down to ,5pm in diameter.
It would therefore be reasonable to say that the proportions measured in the Aberdeen test would be a good measure of dust at most locations, which would be clay. An exception would be the reduction of water in the soil such as desert locations, which will cause H and OH bonds to break giving a larger fraction of the smaller clay molecules. The Mie calculations of clay given in Reference 6 are therefore significant in the analysis of obscuration due to dust. Since the report(6) is difficult to obtain, their references are given as references 8 -17, along with some additional references on the absorption spectra of clay. 
III. REQUIREMENTS OF FURTHER STUDIES
The previous studies on obscuration were based on the definition of obscuration as the ability of the observer to see the target.
The problem of laser obscuration is considerably better defined since the power of the transmitted light and the sensitivity of the optical sensor can be measured. Further, the frequency of a laser transmitter sensor system is not restricted to the visible region. With a laser system if the beam is 50% obscure then the power received at the sensor is half of that normally received at the sensor. Laser Beam -The degradation of the beam power by the dust cloud must be separated from the amount of degradation of the beam due to the rapid motion of the air. Firing over dusty and non-dusty environments gives a measure of this effect. This practice has been followed in most tests described in Section II and has been included for completeness. Several wavelengths should be measured at the same time with 1.06 m included since it is proposed for several systems.
The problem of obscuration of a laser beam in a dust
Environmental Factors -The measurement of environmental factors has been only cursorily accomplished in most of the tests. The objective of environmental measurements in the tests should be to develop an environmental scaling law from which predictions can be made on environmental contribution to obscuration. The parameters involved need to be defined as well as rated as to their relative importance. The historical effect of the test on these parameters need to be considered in order to estimate the obscuration as a battle progresses. A few of the environmental parameters are: a.
Compactness of soil in front of the gun tube before and after test. Effort should be directed to calculating the data taken with the standard tabulated climatology data, and obscuration measurements should be taken without altering the environmental conditions. Intelligence Survey -Once the critical environmental parameters are defined for obscuration due to dust an intelligence survey for the most probable battle sites should be requested. The survey should determine the environmental parameters at the given battlefield sites at several times during the year.
Comparing the environmental parameters for obscuration and the environmental parameters for battlefield sites gives a probable obscuration for those sites and thereby a measure of weapon effectiveness.
Beam Projector Usage -The projected use of a laser beam projector on a tank turret should be investigated. The tactical probability of a tank firing from behind a soil bunker or from the top of a hill should be considered, since the distance from the height of the muzzle is an important factor. Such information would also provide an evaluation of the weapon in battle.
Simulating Obscuration -Simulation of the effect of obscuration due to dust should be done for single as well as multiple firings. Further, the effects of environmental intelligence surveys, and tactical weapon usage should be included to get an evaluation of weapon effectiveness under battlefield conditions. Muzzle Devices -An additional evaluation should be made as to the acceptability of using muzzle brakes for operations under dusty conditions. The tradeoff that arises is the acceptability of elimination of dust by deflection of the blast versus the increased back pressure in the gun crew area.
In particular for desert operations, it may be more preferred to use a blast deflector mechanism than to expand more development over longer time designing laser weapons systems for these particular adverse conditions. Blast Scaling Law -Rounds of different weight propellant should be fired at several heights of the muzzle to provide additional data in confirming the scaling law. Measurements of the firing of different weapons would also be useful in expanding the data base available on obscuration. N. 2070, Feb 1964, (AD 601 728) .
